Pancreatic ductal adenocarcinoma (PDA) is one of the most lethal human cancers because of late presentation, early metastases and resistance of tumour cells to conventional treatments such as radiation and chemotherapy ([@bib13]; [@bib26]; [@bib25]). It is the tenth most common cancer in both men and women in Canada; however it is the fourth leading cause of cancer-related death in both sexes. Approximately 10% of patients are diagnosed with operable disease with a 5-year survival rate of around 20% ([@bib19]). Unfortunately more than half of patients present with metastases, for which the 5-year survival is only 2% ([@bib18]). Until recently, standard chemotherapy used in both adjuvant and palliative settings has been gemcitabine; however treatment with gemcitabine alone has low response rates and minimal effect on survival ([@bib5]; [@bib8]; [@bib24]). Therefore improved chemotherapeutic or targeted therapy regimens are desperately needed.

Recently, two trials investigating combined chemotherapy use in metastatic PDA have reported encouraging results for improving overall survival (OS; [@bib7]; [@bib27]). One of these trials used combination chemotherapy with FOLFIRINOX (oxaliplatin, irinotecan, fluorouracil and leucovorin) ([@bib7]). This was the first chemotherapy regimen tested against standard gemcitabine to significantly improve survival in metastatic PDA. This trial (ACCORD 11) revealed a median overall survival on FOLFIRINOX of 11.1 months compared with 6.8 months in the gemcitabine arm, producing the longest seen survival advantage observed in a phase III clinical trial for metastatic pancreatic carcinoma. Although there were higher rates of adverse events (AEs) on FOLFIRINOX, patients in this group also reported a better quality of life (QoL; [@bib11]). FOLFIRINOX has also been shown to be a more cost effective first-line treatment compared with first-line gemcitabine ([@bib2]).

Since the publication of ACCORD trial, the FOLFIRINOX regimen is increasingly used at institutions worldwide to treat metastatic PDA. Due to the higher rate of AEs, and the highly selected patient population in the original trial, it is difficult to say whether this chemotherapy regimen should be used in all patients with advanced pancreatic cancer. In a retrospective study reviewing 100 consecutive cases of metastatic PDA it was found that only 26 patients fulfilled the ACCORD study eligibility criteria ([@bib14]). It is also not known whether dose reductions compromise the efficacy of FOLFIRINOX, moreover there is limited data regarding the efficacy of FOLFIRINOX in locally advanced pancreatic cancer (LAPC) ([@bib15]; [@bib10]; [@bib12]; [@bib3]). Recent retrospective reviews and publication have revealed varying efficacy of modified FOLFIRINOX regimens in small numbers of patients ([@bib21]; [@bib10]; [@bib12]; [@bib17]). Therefore we conducted a retrospective review of patients with metastatic or unresectable pancreatic cancer treated with FOLFIRINOX at the Princess Margaret Cancer Centre (PM).

Materials and methods
=====================

Design
------

All patients with a diagnosis of locally advanced or metastatic pancreatic cancer who began treatment with FOLFIRINOX at PM were identified by searching the cancer centre pharmacy database under a study protocol approved by the Research and Ethics Committee. This includes a list of patients that have received the FOLFIRINOX regimen since it was approved by Cancer Care Ontario. The primary objective of this study was to evaluate the efficacy and safety of the FOLFIRINOX regimen. A secondary objective was to document preliminary evidence of the efficacy of FOLFIRINOX in patients with LAPC. Locally advanced pancreatic cancer included patients who were unresectable at presentation, defined as patients with metastases to lymph nodes beyond the resection field, \>180° encasement of the superior mesenteric artery, unreconstructable superior mesenteric vein or portal vein occlusion, aortic invasion or coeliac encasement ([@bib6]). PM is a University Teaching Hospital and the regional referral centre for patients with operable and inoperable pancreatic adenocarcinoma. Patients were supervised by four staff medical oncologists.

The list of patients who received FOLFIRINOX was transferred to a secure database, and patient\'s electronic records and chemotherapy records were examined to record the following information: date of diagnosis, stage and clinico-pathological features of cancer, ECOG performance status, treatment intent, number of cycles received including percentage of starting doses of each drug and subsequent dose reductions, main AEs in the first two cycles of treatment, any grade 3/4 AEs, hospitalisations during treatment, objective radiological responses, progression-free survival (PFS) and OS, Distress Assessment and Response Tool (DART) assessments (using the scores for tiredness, pain and well-being) and subsequent treatment regimens. DART is a self-administered computerised survey including screens for physical symptoms (Edmonton Symptom Assessment System or ESAS), anxiety and depression ([@bib4]; [@bib29]). Patients complete DART as part of routine clinical care throughout their cancer trajectory. Only patients who completed one full cycle of FOLFIRINOX were included for analysis. Adverse events were graded using National Cancer Institute Common Toxicity Criteria (CTCAE version 4.0).

Chemotherapy regimen
--------------------

Full-dose FOLFIRINOX was administered as per the phase III trial of FOLFIRINOX ([@bib7]), with 5-FU administered as a bolus of 400 mg m^−2^, bolus leucovorin 400 mg m^−2^, followed by continuous infusion at 1200 mg m^−2^ per day for 46 h, oxaliplatin 85 mg m^−2^ and irinotecan 180 mg m^−2^. Patients routinely received ondansetron and dexamethasone for emesis prophylaxis pre-chemo and for 2 days post chemotherapy. Atropine was given to patients who had cholinergic reactions from irinotecan. Because of funding issues with the use of G-CSF in a non-curative setting, and documented toxicity issues with this regimen, many of our patients were treated with attenuated doses. Therefore prophylactic G-CSF was not administered, however when patients did subsequently receive this it was recorded. Choices regarding dosing modifications were determined by the individual treating oncologist based on age, general condition and co-morbid medical illnesses and recorded in our database.

Assessments
-----------

Patients were initially evaluated for toxicities at the start of each cycle with history, performance status, complete blood counts, liver and electrolyte blood tests. If stable after two cycles, they would then be assessed on alternate cycles. Response assessment with imaging was obtained approximately every four cycles of treatment. For all patients, treatment was continued until disease progression, patient preference or limiting toxicities. Patients were assessed for tumour response by the treating oncologist according to the Response Evaluation Criteria in Solid Tumors guidelines (RECIST, version 1.1).

Statistics
----------

Progression-free survival was calculated from the date of the first dose of FOLFIRINOX to the earliest of the following: date of radiographic progression (local or metastatic), detection of metastatic disease at surgical exploration or death. PFS and OS estimates were obtained using the Kaplan--Meier method. The association between dose and stage with PFS and OS was carried out using log-rank test and Cox proportional hazard model. Quality of life scores were compared with baseline using Wilcoxon signed rank test. Summary statistics were used to describe the results. SAS version 9.2 was used for all the analysis.

Results
=======

Patient characteristics
-----------------------

Between December 2011 and April 2014, a total of 102 patients began treatment with FOLFIRINOX at Princess Margaret Cancer Centre, including 66 with metastatic disease and 36 with LAPC. Patients receiving at least one dose of FOLFIRINOX were included and the database was closed for analysis on 8 July 2014. Patient demographics and baseline characteristics are shown in [Table 1](#tbl1){ref-type="table"}. Median age of patients initiating treatment was 64 years (range 28--76), 3% of patients were over 75 years. Five per cent of our patients had performance status 2 ECOG and a further 5% had bilirubin \>1.5 ULN at the start of treatment.

Dose modifications
------------------

Chemotherapy dose modifications were left to the discretion of the treating physician. Dose modifications and chemotherapy cycle details are shown in [Table 2](#tbl2){ref-type="table"} and [Figure 1](#fig1){ref-type="fig"}. Only 33 (32.4%) of 102 patients received full doses of all drugs in the regimen with their first cycle. In the remaining 69 (67.6%) of patients, dose reductions with first cycle were as follows: Bolus FU was reduced or omitted in 93%, irinotecan was reduced in 88%, oxaliplatin was dose reduced in 68% and infusional FU was reduced in 66%. The median number of cycles administered was 6 (range 1--31). Twenty-five (24.5%) patients received three or less chemotherapy cycles either due to disease progression or poor tolerance. Twelve patients received only one cycle; six stopped due to progression and six due to poor tolerance. Nine patients received two cycles; three stopped due to progression and six due to poor tolerance. Three patients received three cycles; two stopped due to progression and one due to death.

Adverse events and hospitalisations
-----------------------------------

Treatment-related grade 3 or 4 adverse events are summarised in [Table 3](#tbl3){ref-type="table"}. Grade 3 or 4 haematologic adverse events were observed in 43% of patients, with febrile neutropenia in 6%. Only 13 (12.7%) of the patients received G-CSF support, mostly as secondary prophylaxis. Grade 3 or 4 non-haematologic toxicities were observed in 28% of patients with vomiting (19%), nausea (16%) and diarrhoea (16%) being the most common. Eighteen per cent of patients had treatment related hospitalisation. Five per cent were hospitalised due to neutropenic sepsis and 13% due to GI toxicity or dehydration. There was one toxic death attributable to FOLFIRINOX. The patient whose death was attributed to FOLFRINOX tolerated the first two cycles well but died as a result of toxicities following the third cycle. This patient was hospitalised with severe diarrhoea and hyponatremia 2 days following the third cycle. His condition improved initially but then, he developed respiratory distress on the fourth day after admission and died the following day. The most likely cause of death is thought to be pulmonary embolism.

Response by RECIST and CA 19.9
------------------------------

Tumour response was assessed by RECIST criteria in all patients who had completed four cycles of FOLFIRINOX. Disease control was achieved in 58 (56.8%) patients of the entire group, with partial response (PR) in 14 (13.7%) patients and stable disease (SD) in 44 (43.1%) patients. Eleven (16.6%) of metastatic pancreatic patients had a PR and 35 (53%) had SD.

Two patients with LAPC were considered to be borderline resectable and treated with FOLFIRNOX as neoadjuvant chemotherapy. One had a successful surgery with Whipple resection and wedge resection of a solitary liver metastasis detected at the time of surgery. The other had progression of disease locally and was treated with palliative radiotherapy. Ten patients with LAPC, who were considered unresectable because of arterial involvement, were treated with FOLFIRINOX as sort of 'primary chemotherapy\'. Of these, three patients underwent a successful surgery with arterial resection and reconstruction. One patient with locally advanced disease was treated initially with palliative intent, but had a very good response leading to surgery. So, out of the six patients with LAPC who underwent surgery after primary chemotherapy, five had a successful R0 surgical resection. One was unresectable, due to pre-operatively undetected peritoneal disease.

Patients CA19-9 results were assessed at baseline, and after two and four cycles of FOLFIRINOX. Eighty two per cent of patients had tumours that secreted CA19.9. In 14 patients there was insufficient data to assess any correlation between CA19-9 and response rate. However in those where data were available at each time-point there was a clear correlation between responding CA19-9 values and radiological response rate after four cycles of treatment. Patients with partial responses always had significant responses in their CA19-9 results.

Progression-free and overall survival
-------------------------------------

The median OS was 12.9 months in metastatic patients and 23 months in LAPC. The median PFS was 8.7 months in the metastatic and 11.1 months in the LAPC. Starting dose and dose intensity were not associated with OS or PFS in the univariate analysis. There was no significant difference in PFS (10.9 months *vs* 10.3 months; *P-*value=0.60) or OS (11.1 months *vs* 14.0 months; *P-*value=0.19) between the full starting dose and reduced starting dose groups, respectively. The median (95% CI) OS in the metastatic group was 13.1 (6.3--16.1) months with full dose and 12.9 (10.3--30.1) months with modified dose ([Figure 2A](#fig2){ref-type="fig"}). The median (95% CI) OS in the locally advance group was 11.1 (6.1--not reached) months with full dose and 23 (not reached--not reached) months with modified dose ([Figure 2B](#fig2){ref-type="fig"}). The median (95% CI) PFS in the metastatic group was 6.2 (4.9--15.2) months with full dose and 8.7 (5.7--12.9) months with modified dose ([Figure 3A](#fig3){ref-type="fig"}). The median (95% CI) PFS in the locally advanced group was 11.1 (3.1--not reached) months with full dose and 10.4 (6.8--not reached) months with modified dose ([Figure 3B](#fig3){ref-type="fig"}).

Second-line therapy
-------------------

At the time of closure of database for analysis, forty-six patients had received second-line therapy after FOLFIRINOX. The most common regimen to be used as second line was single agent Gemcitabine in 32 patients (69.6%). Gemcitabine and nab-paclitaxel was used in 7 (15.2%). Two patients who were BRCA positive were treated with Cisplatin and Gemcitabine combination. Three patients were treated on phase 1 trials after FOLFIRINOX.

Quality of life
---------------

Patient\'s well-being was assessed using the DART questionnaire on every visit. Three factors; well-being, pain and tiredness were chosen for analysis from the 10-point score. Patients\' well-being scores were significantly improved from baseline to cycle 4 (after 2 months of treatment) (*P*=0.002). However, pain and tiredness at cycle 4 were not significantly different from baseline. None of the changes in these scores were significantly associated with OS or PFS.

Discussion
==========

In this study, the median OS in metastatic patients treated with FOLFIRINOX was an encouraging 12.9 months and the median PFS was 8.7 months. This was in spite of our study having a significant proportion (67.6%) of patients commencing treatment with a dose modification. Few other studies have investigated the impact of dose modifications on response to the FOLFIRINOX regimen. A study of 36 patients with metastatic pancreatic adenocarcinoma ([@bib17]) examined modified FOLFIRINOX, and reported a median OS of 9 months and PFS of 8.5 months. Another small study of 19 patients ([@bib12]) in a similar patient population reported median PFS of 9.9 months and median OS was not reached at the time of reporting.

In our study the median OS in LAPC was 23 months and the PFS was 11.1 months. In a study performed at Massachusetts General Hospital ([@bib10]), which included 22 patients with LAPC, the median PFS was 11.7 months and 5 out of 22 (23%) patients were able to undergo R0 resections following neo-adjuvant FOLFIRINOX and chemoradiation. In this study prophylactic G-CSF was used in all patients. Mahaseth *et al* ([@bib17]) reported a median OS of 17.8 months and PFS of 13.7 months in their series of 24 patients with LAPC. Gunturu reported PFS of 11.2 months in his study of 16 patients of LAPC ([@bib12]). Primary prophylaxis with G-CSF was used in both studies. G-CSF was used only as secondary prophylaxis and infrequently in our group. In most patients who developed grade 3/4 neutropenia further chemotherapy was administered with dose reductions, rather than using prophylactic G-CSF. The results of our study are concurrent with several other studies performed in LAPC ([@bib12]; [@bib17]).

A multicentre experience of six Canadian institutions, noted a median OS of 14 months in metastatic patients and 21.5 months in locally advanced pancreatic patients ([@bib1]). Fifty-five patients (30 metastatic and 25 locally advanced) were included in this study. Similarly the Royal Marsden group reported a median OS of 18.4 months in LAPC (27 patients) and 10.4 months in MPC (22 patients). Dose reduction of one or more drugs was made in 74% of patients in this study ([@bib20]). A study from South Asia with 23 MPC patients observed a median OS of 10.4 months and median PFS of 7.3 months ([@bib30]). However, an Irish study with 25 patients, noted a lower PFS and OS of 3.9 months and 7 months, respectively ([@bib28]). Over 50% in this cohort required a dose reduction and they concluded that FOLFIRINOX while promising in the clinical trial setting may not translate to routine clinical practice. A recent meta-analysis of 13 studies, with a total of 253 patients reported a R0 resection of 40% after neo-adjuvant FOLFIRINOX-based therapy in patients with borderline resectable/unresectable pancreatic adenocarcinoma ([@bib23]).

Evaluating the response by following the changes in tumour dimensions, as assessed by CT scan/MRI is often challenging ([@bib9]). Changes in tumour marker CA 19.9 is often helpful in such situations ([@bib22]). In a study of 129 patients with borderline resectable tumours, imaging suggested that only 1% had been down staged, 78% had no change and 21% had progressive disease ([@bib16]). However, 66% were able to undergo resection with 95% R0 resections. In our study there was a clear correlation between responding CA19-9 values and radiological response rate after four cycles of treatment.

Our study is the largest single institute retrospective study to examine the efficacy of reduced dose FOLFIRINOX in metastatic and locally advanced pancreatic cancer. About two-thirds of our patients received their first and subsequent cycles of chemotherapy with reduced doses. Nonetheless, the efficacy did not seem to be compromised by these dose reductions, given there were no significant differences in PFS or OS between the full starting dose and reduced starting dose groups. Although response rate was lower than that of other reports likely due to off-study ascertainment issue, the more clinically relevant outcomes of OS and PFS were comparable to other studies utilising dose modifications ([@bib21]; [@bib12]; [@bib10]; [@bib17]; [@bib3]). The toxicities associated with FOLFIRINOX have tempered the enthusiasm for its use in full dose in community as well as in academic centres ([@bib1]). Our study has shown that modest dose reductions do not appear to compromise the efficacy while reducing the toxicities associated with the regimen. We observed a significantly lower incidence of grade 3/4 fatigue (1%) and no incidence of grade 3/4 peripheral neuropathy. Safety has to be taken into consideration and we did not use prophylactic G-CSF routinely in our patients, although the incidence of grade 3/4 neutropenia and febrile neutropenia were relatively low. The treatment adverse event-related hospitalisation rate in our study was 18%. Much higher rates have been reported by others ([@bib21]; [@bib1]) in spite of many patients receiving colony-stimulating factors as primary prophylaxis. ACCORD III was dominated by tumours in the body and tail of the pancreas. Our rates for grade 3/4 toxicity remained low even for patients with a high rate of biliary stenting. In our study there was one treatment related death, which was attributable to FOLFIRINOX.

Health-related QoL was maintained on FOLFIRINOX, highlighting the fact that in advanced pancreatic adenocarcinoma, QoL is influenced more by disease-related symptoms than treatment-related toxicity. It is encouraging to note results from our single-centre experience are consistent with results from other smaller studies utilising dose modifications. However, there are clearly limitations with a retrospective single-centre review. In our study there was no standardised dose modifications made by the physicians, there was no independent radiological reviews and no standardised method to collect toxicity information. There was also heterogeneity of the cohort as we assessed locally advanced and metastatic pancreatic cancers together and one-third of patients did commence treatment at full dose. We also cannot discount the impact second-line therapy may have had on PFS and OS.

In summary, this single-centre experience suggests that FOLFIRINOX with dose modifications, in the absence of G-CSF can be administered safely in a real-world setting. However, to directly compare these results to full dose FOLFIRINOX treatment a randomised trial would be recommended, incorporating QoL assessments.
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![**Bar chart showing starting and overall average dose intensity for bolus 5-Fluorouracil, oaxaliplatin, irinotecan and infusional 5-fluorouracil.**](bjc2016222f1){#fig1}

![**Kaplan--Meier plots of overall survival.** (**A)** Median OS with full dose and modified dose in metastatic patients. Median (95% CI) OS with full dose was 13.1 (6.3--16.1) months and with modified dose was 12.9 (10.3--30.1). (**B**) Median OS with full dose and modified dose in non-metastatic patients. Median (95% CI) OS with full dose was 11.1 (6.1--not reached) months and with modified dose 23(not reached--not reached) months.](bjc2016222f2){#fig2}

![**Kaplan--Meier plots of progression-free survival.** (**A**) Median PFS with full dose and modified dose in metastatic patients. Median (95% CI) OS with full dose was 6.2 (4.9--15.2) months and with modified dose was 8.7 (5.7--12.9) months. (**B**) Median PFS with full dose and modified dose in non-metastatic patients. Median (95% CI) OS with full dose was 11.1 (3.1--not reached) months and with modified dose 10.4 (6.8--not reached) months.](bjc2016222f3){#fig3}

###### Demographics and baseline characteristics of patients

  **Characteristic**                                ***n*** **(%)**
  ------------------------------------------------ -----------------
  Median age at diagnosis in years (range)            64 (28--76)
  Sex                                                       
   Male                                                57 (55.9)
   Female                                              45 (44.1)
  ECOG Performance Status score                             
   0                                                  48 (47.1))
   1                                                    49 (48)
   2                                                    5 (4.9)
  Pancreatic tumour location                                
   Proximal---Head, neck or uncinated process          73 (71.6)
   Distal---body or tail                               29 (28.4)
  Biliary stent placed before start of treatment            
   Yes                                                 46 (45.1)
   No                                                  56 (54.9)
  Bilirubin at start of treatment                           
   \<1.5 UNL                                           97 (95.1)
   \>1.5 UNL                                            5 (4.9)

Abbreviations: ECOG=Eastern Cooperative Oncology Group; UNL=upper limit of the normal range.

###### Treatment duration and dose modifications

  **Cycles**                                      **Number**
  ---------------------------------------------- ------------
  Median                                              6
  Range                                             1--31
  \>3                                                 77
  3                                                   4
  2                                                   9
  1                                                   12
  Dose modifications                               *n* (%)
  Started with full dose of all drugs             33 (32.4)
  Started with reduced dose of 1 or more drugs    69 (67.6)
  Reduction or omission of 5-FU bolus                93%
  Reduction in irinotecan                            88%
  Reduction in oxaliplatin                           68%
  Reduction infusional 5-FU                          66%

###### Common grade 3 or 4 adverse events

  **Event**              ***n*** **(%)**
  --------------------- -----------------
  Haematologic              44 (43.1)
  Neutropenia               38 (37.3)
  Febrile neutropenia        6 (5.9)
  Thrombocytopenia            2 (2)
  Anaemia                    3 (2.9)
  Non-haematologic          29 (28.4)
  Vomiting                  19 (18.6)
  Nausea                    16 (15.7)
  Diarrhoea                 16 (15.7)
  Fatigue                     1 (1)
  Loss of appetite            1 (1)
